INTRODUCTION
A seismic refraction survey was conducted in the northern Arabian platform in Syria, in 1972-73 by Syrian and Soviet scientists to investigate the upper part of the crust (<15 km).
The seismic refraction experiment, similar to the Soviet Deep Seismic Sounding (DSS) experiments in design, collected data over 9 transects, seven of which are a few hundred kilometers long; the remaining two are less than 100 km long. The two shorter profiles, one in the Aleppo plateau and one in the southwestern Palmyrides, and a regional profile traversing Syria from Jordan to Turkey, have been available and form the refraction database for this study (Figures 1 and 2 ). The data are analyzed to obtain the upper crustal P-wave seismic velocities, basement morphology and sedimentary rock thickness in western Syria using 2-D ray tracing and recently obtained geologic information from previous studies. The first interpretation of the data was made by the Soviet scientists in 1974 using classical interpretation techniques of refraction data (Ouglanov, Tatlybayev & Nutrobkin, 1974) . However, this interpretation did not benefit from modern computerized techniques and today's better understanding of the geologic evolution of the region. Our results differ substantially from those of the Soviet scientists especially in thicknesses of sedimentary layers and basement velocities throughout the region. The earlier interpretation, for example, shows basement velocities as high as 7 km s -1 and about 4-5 km thick sedimentary rock thickness in the Rutbah uplift. Our results, however, show that basement velocities do not exceed 6 km s -1 and the sedimentary column is thicker than 8 km in the central Rutbah uplift.
Many researchers have focused their attention on the major plate boundaries of the region, especially on the Dead Sea fault system and the Red Sea area. For example Quennell (1958) and Freund et al. (1970) discussed the Dead Sea rift system from a morphological and structural point of view, and tried to explain its geological history. Le Pichon & Francheteau (1978) and Hempton (1987) studied the opening of the Red Sea and its role in the plate tectonic evolution of the region. Intraplate structures have recently received attention. Beydoun (1981) and Lovelock (1984) discussed the stratigraphy and structure of Lebanon and the northern Arabian plate. Walley (1988) studied the strike-slip zone of the Dead Sea and its extension toward the interiors of the plate. More recently, subsurface data have become available, and seismic stratigraphy and gravity anomalies of the northern Arabian plate have been studied , McBride et al. 1990 , Chaimov et al. 1990 . These studies show that the complex and inter-related plate boundaries have profoundly affected the intraplate structures of the region (e.g., evolution of the Palmyride fold belt).
Two different views exist in the literature about the formation of the Palmyra foldthrust belt. According to one view, the Palmyride belt was formed because of the restraining bend in the left-lateral Dead Sea transform fault (Walley, 1988; Lovelock, 1984, and Quennell, 1984) . According to the other view, which is constrained by subsurface data, the fold-thrust belt predates the deformation along the Dead Sea fault, and was formed as a result of the collision between the Arabian and Eurasian plates ( McBride et al. 1990 , and Chaimov et al. 1990 . Knowing the exact thickness of sedimentary rocks and metamorphic basement geometry in the Palmyrides and surrounding platforms will constrain the geologic history, and help in understanding the evolution of this intracontinental mountain belt.
Information about the geologic history of Syria is derived primarily from surface geology, exploratory wells and seismic reflection profiles. Since little pre-Cretaceous outcrop exists within Syria, exploratory wells and seismic lines play a crucial role in determining the geological history of the region. Subsurface data, however, are limited to early Paleozoic or younger lithologies. No wells penetrate into Precambrian basement, and the deepest seismic reflector that can provide some structural constraints on the older sedimentary rocks is the so-called "D reflector" (McBride et al. 1990) , which is most probably the mid-Cambrian Burj limestone. Thus, determining the early Paleozoic and especiallyPrecambrian geologic history of the region is problematic. In this study we attempt to overcome this problem by determining upper crustal velocities and thicknesses of sedimentary layers, especially those of early Paleozoic and late Precambrian in age, as well as basement morphology throughout the region. Obtaining basement depth beneath an intracontinental mountain belt is a challenging task. To constrain our results, seismic reflection and well data acquired for hydrocarbon exploration in the region along with Bouguer gravity and surface geology information will be integrated with the refraction data.
GEOLOGIC SETTING
The geology of Syria has been affected by movements along the nearby boundaries of the Arabian plate (Figure 1) . Syria, located in the northwestern part of the Arabian plate includes the following major geological structures in its western segment: The Aleppo plateau in the north, the Rutbah uplift in the south, the intracontinental Palmyride fold and thrust belt sandwiched between these two blocks, a portion of the Dead Sea fault system in the west, marking the boundary between the Arabian and Levantine plates, and the Euphrates depression in the east (Figure 2 ).
The Aleppo plateau, a relatively stable platform, occupies the northern segment of the country. Although some strike-slip faults are identified, structural deformation is minor . The NE-SW oriented Palmyride fold belt, about 400 x 100 km in size is the site of an inverted Mesozoic rift. Chaimov et al. (1992) showed that termination of rifting was initiated in the late Cretaceous due to the collision of the Arabian plate with an island arc system or with the Anatolian plate. The belt is composed of small basins and uplifted blocks (Ponikarov, 1967) . Deformation in the belt includes strike-slip faults and NE-SW striking fold-thrust structures. Approximately 20-25% crustal shortening is documented in the southwestern segment of the belt (Chaimov et al. 1990 ). The shortening gradually decreases towards the northeast and reaches only a few percent in the northeastern end of the belt. Proterozoic suturing beneath the Palmyrides was postulated by Best et al. (1990) based on gravity modeling, although it was not uniquely constrained. The Euphrates depression, controlled by strike-slip faults, developed during the transpression episode of the Palmyrides and shows minor inversion compared to the Palmyride fold belt . It has about 7 km of sedimentary cover.
Basement rocks are not exposed in Syria. A possible exception is in the northwest region near the Turkish border where amphibolic schists of pre-Cambrian (?) age are observed. However, metamorphic basement exposures are seen in the surrounding countries. To the south, in Jordan, basement rocks are exposed at the surface near the southern Dead Sea fault. A refraction survey in Jordan (El-Isa et al. 1987) revealed that basement rocks have P-wave velocities of 5.8-6.5 km s -1 , and their depths are 2-2.5 km in the north of Amman, and more than 5 km in central Jordan. In Turkey, to the north, basement is also exposed near the Bitlis suture. In Iraq, to the east, seismic and magnetic survey results showed that in the western desert of Iraq the metamorphic basement is 7-8 km deep, and it reaches 15 km in the Mesopotamian foredeep (Ismail, 1987) .
DATA AND ANALYSIS
The locations of the three available seismic refraction profiles in the region are shown in (Figure 3b ), mainly because of a thicker and more deformed sedimentary section. Charge sizes were picked strictly from this graph within ± 20 -30 % tolerance limits (Ouglanov et al. 1974) . Charge depths for these shots varied from 30 m to 50 m.
Interpretation was carried out using a 2-D ray tracing software developed by Luetgert (1988) . Approximately 25,000 first arrivals of original, analog, photographic paper records were digitized and interpreted. First arrivals were generally easy to identify from the high quality original records (Figure 3c ). At some occasions first arrivals were ambiguous due to faulting and/or lack of energy transmission. In those instances, however, the ambiguous first arrivals were usually followed by strong second arrivals (mainly wideangle reflections). Instead of digitizing unclear first arrivals, we digitized clear and unambiguous second arrivals in order to avoid any possible misinterpretation of the data.
An attempt to search and digitize all possible second arrivals on each record failed mainly because of the limited recording time on paper records following the first arrivals.
Digitizing errors in arrival times are approximately 20 msec or less. A great deal of care was taken to use a single, and as simple as possible model to explain all the observations from different shot points and distances. Initial models were constrained by surface geology, nearby well logs and/or seismic reflection profiles, and forward modeling was conducted for a single shot until a good fit was obtained. The corresponding data for the reverse shot were then introduced to the model. After obtaining a good fit for both forward and reverse shots, other consecutive pairs of forward and reverse shots were incorporated into the model and necessary changes were made, always maintaining consistency with the previous shots. The models described in the next sections satisfy at least 80% of all of the observations within ±0.1 s. The velocity values were obtained within ± 0.1 km s -1 limits.
Maximum error in the depth estimation is about 500 m for the deeper sections, based on the error estimates given above, and it is much less for the shallow sections. Because of the large number of shot points, it is not possible to show the calculated travel times and their fits to the observed travel times for all shot points. Instead, samples from the critical segments of the profiles such as across faults, particular uplifts etc., will be shown, and complete summary of velocity-depth models will be presented for each profile. The seismic reflection profiles show near surface deformation suggesting that the fault experienced some recent (Quaternary) movement. No surface expression has yet been mapped for this structure, although satellite imagery shows a lineament with the same orientation of the proposed fault. The refraction data, due to low ray sampling over the fault, do not provide a unique solution to how deep this fault extends. However, gravity modeling requires that the fault penetrates into the metamorphic basement, and in the reflection sections the fault is traceable down to 3 s, suggesting that it is a crustal scale structure.
Profile II
Profile II is an 83 km long, NW-SE trending profile located in the southwestern segment of the Palmyrides, where the maximum shortening of 20-25% across the fold belt is observed. (Best et al. 1992) . Approximately upper 6 km of sedimentary rocks in this region is composed of Mesozoic and Cenozoic strata (Best et al. 1992) Best et al. (1990) . However, these intrusions are interpreted by Best et al. (1990) as a result of Infracambrian rifting. Under these observations one can speculate that rifting in the Palmyrides did not reach a mature level before Cenozoic shortening. The Palmyride trough may have developed as an aulacogen to the Mesozoic Levantine margin in the west as suggested by Beydoun (1981) and Lovelock (1984) .
There is at least one exploratory well located on each profile (Figure 2) . This gives us a unique opportunity to correlate refraction velocities with sonic logs and geologic formations. The refraction velocities are generally in good agreement with the sonic log velocities, even though the well logs indicate low velocity channels. As shown in Figure   14 , considerable velocity variations are observed for each geologic formation depending on the depth and location of the formation. An increase in velocity values with depth rather than age is evident. The existence of a potentially important, possibly strike-slip, fault in the Aleppo plateau is documented by the refraction data, and supported by seismic reflection and Bouguer gravity data. A comparison of the velocity models with well data shows that for a given geologic formation, P-wave velocities vary considerably with depth and location.
This may be interpreted to be a result of porosity variations due to pressure effects. Upper sedimentary rock densities are constrained by the Khanasser-1 well; the density of the metamorphic basement was adopted from Best et al. (1990) . Since we are modeling only the upper crustal section, i.e. no Moho modeling, a level adjustment on the calculated gravity values was applied, assuming a flat Moho beneath this profile. The forward shot shows an apparent offset in the arrival times due to laterally decreasing velocities, while the reverse shot does not show a significant anomaly due to laterally increasing velocities with distance. 
